Background: A range of metabolic diseases can result in abnormal accumulation of metabolic byproducts, resulting in abnormal lymphocyte cytoplasmic vacuolation, identifiable on routine blood film examination. Aims: This study retrospectively examines the usefulness of blood film examination for vacuolated lymphocytes in a specialist paediatric pathology department in relation to patient's age and presentation. It also describes specific diagnostic features in relation to specific classes of metabolic disease. Methods: Retrospective review of a histopathology database to identify all blood films examined for the detection of vacuolated lymphocytes during a 15 year period (1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004). Results: In total, 2550 blood films were investigated. The median age at submission was 2 years (range, birth to 88), and . 90% of samples were from children , 18 years. The most common indications were developmental delay/regression, ataxia, seizures, and cardiomyopathy. Vacuolated lymphocytes were identified in 156 films (6.1%). The frequency of vacuolated lymphocytes varied with clinical presentation, with ophthalmic indications having the highest positive rate (40%). In cases with vacuolated lymphocytes, a wide range of underlying metabolic diagnoses was apparent, the most common being juvenile neuronal ceroid lipofuscinosis and acid maltase deficiency, which accounted for more than half of the diagnoses. Conclusions: The examination of blood films for lymphocyte vacuolation is clinically useful in patients with a history suggestive of metabolic disease. The test is cheap, rapid, minimally invasive, and provides first line screening, with some findings indicating clues to a specific underlying diagnosis.
F
or many years it has been recognised that a range of metabolic diseases resulting in abnormal accumulation of metabolic byproducts may exhibit abnormal cytoplasmic vacuolation of lymphocytes, 1 identifiable on routine blood film examination. These diseases include Batten's disease (neuronal ceroid lipofuscinosis), [2] [3] [4] Salla disease, 5 I cell disease, 6 7 b galactosidase deficiency (GM1 gangliosidosis), 8 9 mucopolysaccharidoses, 10 Niemann-Pick disease, 11 fucosidosis, 12 mannosidosis, 13 Wolman's disease, 14 and glycogenoses. 15 Because peripheral blood sampling is performed for a variety of investigations in children with a history suggestive of or consistent with metabolic disease, and because the volume of blood required for such testing is small, screening of blood films for the presence of vacuolated lymphocytes should be considered as a first line investigation in such cases, especially in childhood. There are case reports and small series reporting the variety of specific metabolic diseases that may be associated with vacuolated lymphocytes in peripheral blood films, [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] but routine use of this test is not widespread, and no large scale published screening studies are available.
''A range of metabolic diseases resulting in abnormal accumulation of metabolic byproducts may exhibit abnormal cytoplasmic vacuolation of lymphocytes, identifiable on routine blood film examination''
The aim of our study was to examine retrospectively the usefulness of blood film examination for vacuolated lymphocytes in a specialist paediatric pathology department during a 15 year period in relation to patient's age and presentation, and to describe the specific diagnostic features of such abnormal vacuolation in relation to specific classes of metabolic disease.
METHODS
The department of paediatric pathology, Great Ormond Street Hospital, London, UK is a tertiary referral centre for paediatric pathological specimens and, in conjunction with the Institute of Child Health, has special expertise in the diagnosis of childhood metabolic diseases. Blood films for a wide range of indications pertaining to metabolic disease are routinely examined. A search of the histopathology database was carried out to identify all cases of blood film examination for the detection of vacuolated lymphocytes carried out during a 15 year period (1989-2003 inclusive) . All results were anonymised and the clinical history provided at the time of examination and results of blood film examination reviewed. Indication groups were categorised according to the major recognised clusters of clinical features for which a metabolic storage disease associated with vacuolated lymphocytes may be suspected.
Therefore, many patients may have had more than one such feature, but in those with multiple symptoms or signs listed on the request form, the primary presentation was used for classification purposes. The prevalence of vacuolated lymphocytes in each presentation group was calculated and the significance of any differences in proportions between groups determined using comparison of proportions test. 16 Details of cases in which vacuolated lymphocytes were present were grouped according to diagnosis. Our study was approved by the hospital ethics committee.
RESULTS
During the study period (1989-2003 inclusive) , 2550 blood film specimens were submitted to be examined for the presence of vacuolated lymphocytes. The median age at submission was 2 years (range, birth to 88 years), with more than 90% of cases being children , 18 years of age (fig 1) . Table 1 shows the main clinical indications for blood film examination. Unfortunately, many specimens (around 30%) were submitted with either no clinical history provided at all, the request form simply stating ''blood for vacuolated lymphocytes'', or an inadequate history provided, such as ''?metabolic disorder''. Because samples are received from a large number of hospitals it was not practical to contact the requesting clinician for each case. However, in cases where vacuolated lymphocytes were detected, further investigation was dictated by more detailed clinical history provision after the initial screen. The most common indications where history was provided were developmental delay/regression, ataxia, seizures, and cardiomyopathy. More recently, in addition to the major neurological and developmental indications, blood film examination has become an integral part of the examination of patients presenting with clinical cardiomyopathy; this accounted for 224 (9%) cases, with 148 (66%) of these submitted in the past five years.
Because blood film examination is essentially a screening test, it would be expected that most cases would be negative for the presence of vacuolated lymphocytes. This is borne out by the finding that vacuolated lymphocytes were identified in 156 of the overall group of 2550 blood films (6.1%). Table 1 shows the frequency of identification of vacuolated lymphocytes according to the clinical presentation group. In those cases in which vacuolated lymphocytes were present, a wide range of underlying diagnoses were apparent (table 2). In most of the cases, confirmation of the diagnosis was carried out by enzyme analysis, where this was available, or electron microscopic examination of a buffy coat blood sample. In addition to the presence or absence of vacuolated lymphocytes, the characteristics of the vacuolation may provide further indications as to the specific underlying diagnosis (table 3; fig 2) . The prevalence of samples positive for vacuolated lymphocytes varied with the clinical indication group (table 1). The single most predictive indication of a positive test result was in association with ophthalmic features, such as progressive blindness and/or fundoscopic abnormalities, in which almost 40% of the cases had vacuolated lymphocytes. The most common indicationsnon-specific developmental delay and seizures-were associated with significantly lower frequencies of identification of vacuolated lymphocytes compared with the overall population. The group of miscellaneous indications included cases in which some clinical history was provided, but which could not be classified into another distinct category; in this group the prevalence of the detection of vacuolated lymphocytes was not significantly different from the overall group.
DISCUSSION
Our findings have shown that the pathological examination of blood films for the presence of vacuolated lymphocytes can provide clinically useful diagnostic information in patients with a wide range of complex clinical presentations. This is a cheap, easily performed, and rapid test that can be carried out as part of the screening process in all cases with suspected metabolic disease. In our series, vacuolated lymphocytes were present in around 6% of cases, indicating a diagnosis of metabolic storage disease. The range of possible associated metabolic abnormalities is wide (table 2), so that further investigations may be directed by both the details of the clinical presentation and the characteristics of the lymphocyte vacuolation present (table 3) . For example, in the juvenile subtype of Batten's disease (neuronal ceroid lipofuscinosis type 3; NCL3), numerous large distinct cytoplasmic vacuoles are present with no specific tinctorial staining features, whereas acid maltase deficiency (infantile Pompe's disease or adult acid maltase deficiency) is associated with one to six small distinct cytoplasmic vacuoles, which stain strongly with periodic acid Schiff after celloidin protection of the highly soluble form of the stored glycogen. 1 It should be noted that vacuolated lymphocytes are less frequent in the adult form of the disease than in Pompe's disease (fig 2) . We found that the diagnoses were neuronal ceroid lipofuscinosis type 3 and acid maltase deficiency in 31% and 23% of blood films with vacuolated lymphocytes, respectively. Because a large number of blood samples were received from external sources in our series, enzymological confirmation was not available in 15% of cases, the provisional diagnosis being on the basis of the clinical features and lymphocyte vacuolation characteristics.
The technique of blood film examination for the presence of vacuolated lymphocytes requires examination of the thin end of the film near the tail, rather than the thicker region (fig 3) . The blood film should be examined in a systematic manner, with particular regard to the detection and morphological characteristics of the lymphocytes. It should be noted that monocytes may also be present, and these should not be confused with lymphocytes, particularly because monocytes may show non-pathological cytoplasmic vacuolation. This appears to be more common when there has been a delay in making the films from the anticoagulated blood. The investigation requires about six blood films made from a few drops of an EDTA blood sample by a technician trained to make routine haematological blood films. A heparinised sample is also adequate. If there is need to examine a buffy coat by electron microscopy then an additional 1-2 ml of EDTA blood is required. An average of 100 lymphocytes should be examined in a standard film, and if vacuolation is present, comments should be made as to the characteristics and extent of the vacuolation, as noted above and in table 3. Provided such criteria are used, false positive diagnosis should not occur, but false negatives may occur because in some cases the development of lymphocyte vacuolation may be progressive and only small numbers of lymphocytes may be affected, meaning that lymphocyte vacuolation may not be identified on a single blood film examination. If the clinical suspicion of a metabolic disease is high, repeat sampling may be indicated. In one series of 10 patients with juvenile neuronal ceroidlipofuscinosis (NCL3), vacuolated lymphocytes were present in 30-70% of cases examined, with the percentage of vacuolated lymphocytes increasing with the duration of the illness, especially in patients who were younger than 11 years of age. In that series, lymphocytes with fingerprint profiles on electron microscopic examination were only identified in just over 10% of cases. 17 Similarly, in a series of cases of Salla disease (sialic acid storage disease), vacuolated lymphocytes were identified in only around 60% of cases. 18 This may reflect the diversity of mutations in the gene encoding sialin (a sialic acid transporter protein), which is defective in this condition, or may be a further example of sampling issues as discussed above. 19 In addition to the examination of lymphocytes, observation of the morphology of other cell types can also provide valuable information. Neutrophils may show increased, coarse granulation-Alder granules in cases of Maroteaux-Lamy syndrome (MPS type VI) and b glucuronidase deficiency. However, this must not be confused with toxic granulation present in patients with infections and other stresses, and can be excluded by metachromatic staining with birefringence. Eosinophil granules are often large and sparse in cases of GM1 gangliosidosis and may also show cytoplasmic granulation.
In some cases, the clinical features in conjunction with the characteristics of the lymphocyte vacuolation if present are highly suggestive of a specific diagnosis, examples being the juvenile subtype of Batten's disease (NCL3) in a child with progressive blindness, 20 21 and developmental deterioration or acid maltase deficiency disease in a patient with periodic acid Schiff positive lymphocyte vacuolation and progressive cardiac or skeletal myopathy. 1 If the blood film contains lymphocytes with numerous prominent large vacuoles and there is a clinical suspicion of infantile GM1 gangliosidosis, it may be possible to demonstrate b galactosidase deficiency histochemically on the blood film. 22 However, it is important to exclude other disorders, such as galactosialidosis, using enzymological methods. Similarly, histochemical detection of acid esterase activity is possible on blood films (showing lymphocytes with small numbers of small discrete vacuoles) to confirm or exclude the diagnosis of Wolman's disease. 23 Furthermore, in addition to histochemical methods, ultrastructural examination of the inclusions may allow further specific diagnosis and has particularly aided the identification of variant subtypes of Batten's disease. In classic infantile-type Batten's disease (NCL1) ultrastructural examination demonstrates granularosmophilic deposits; the late infantile type (NCL2) is associated with curvilinear bodies and the juvenile form (NCL3) with fingerprint inclusions. 1 20 24 ''Monocytes may also be present, and these should not be confused with lymphocytes, particularly because monocytes may show non-pathological cytoplasmic vacuolation'' Nevertheless, it should be recognised that in some cases it may be difficult to make a comment regarding a specific diagnosis purely on the basis of lymphocyte vacuolation, and in all patients a diagnostic test should be undertaken to confirm a specific diagnosis. For this purpose, in most conditions in which definite specific diagnosis is possible, enzyme analysis of white blood cells or a fibroblast culture is considered the gold standard, although many such metabolic conditions are increasingly being associated with specific gene defects, which may be identified using molecular diagnostic techniques. 25 26 In conclusion, our study has demonstrated the clinical usefulness of examining blood films for lymphocyte vacuolation in patients with a history suggestive of metabolic disease. The test is cheap, rapid, and minimally invasive and provides a first line screening test with findings in some cases, providing strong clues as to the underlying diagnosis, particularly when appropriate and adequate clinical information is provided. Take home messages N The examination of blood films for lymphocyte vacuolation is clinically useful in patients with a history suggestive of metabolic disease N A wide range of underlying metabolic diagnoses was apparent in patients with lymphocyte vacuolation, the most common being juvenile neuronal ceroid lipofuscinosis and acid maltase deficiency, which accounted for more than half of the diagnoses N The test is cheap, rapid, minimally invasive, and provides a first line screening test, with some findings providing specific clues to the underlying diagnosis
